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IR R A 2K 5 Al-Hassa 2 4 55 43 B 2608 50
GG, 38 3% H 1 3R I 4 A T e R
HOKE B, R FISAVI, NDSIHISI-TH EAE AL LI
AR o 32 11 11X A e BRSO R e i . Weng
a5 LRI ASD G A 3RS B ST M I 7 O
A Hyperion FHi, &0 Ky 1 8% ) g 40 1 6
Sy KA DR BRI S 0 X O R
X, #ENL T R HEER A 5 o i B Y R U ofe
[l (PLSR) #A1, M7 g uF4s SRR, xf 44k
(S% ) . WERHET (S0 ) . pHRAKHR . #45
FrE (K'+Na™) A B R . Frss L
i BT D5 PG A 0 B ), ) R 4 v i A
P AR 5t R iR AR Y 25 LR I L S ]
IHAH . (R?=0.81, RMSE=0.25) , i& & bitksk
W5 AN T Mgk mas 4, it
FRTRINHG BE . e ZE 4 T DURA BT i £8 et R BF
FX G, BE T AR R B S
Btk de R, T 0RO RS e AL AT DL T
W R BRI . DS VO R RO R R
SIME T ORIRI X B R AL 791 A R HERESL, 4RI T
600 ~ 800 nmj&A HLITT (1M B i B, A K X gt ~7.
AR PR A L S R TR RE.
W T I3 I 6614 L RE R, R
PLSR. LWRZE i g 57 il 4 /U A Ay, F]
FHWTITAE 1044 KRG X RLUEAT T 96000, JFHUAS
TR R

A58 H T AL AL 5y FOGIE AR, R £
B B S B AN 2R R AE R AT OGS 425
i e R BH , AR5 R FHPLSR U7 ik i L
Y, PR R SN [R] 2EA  1E A Eh 43 6 ik .
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1.1 ARXHER

BT 5 5 M X AN T T 8 4R B R B IR IX e R
B, kbR I RE, EHEAZ IS, MR E
}178°03" ~ 84°07" E, 39°30' ~ 42°41' N, Bu] 5 35 0]
BB R . AR 42.4 ~94.4 mm, KA
1200 ~ 1 500 mm, F1H H XA F8r s 4E 52K F iR X
rdvn, PR CIL S AR R, Jbilmks s
$7 30 R ] o 5 b DX P BT B4R L VDR E
IR R TT7°31" ~ 84°55" B, 34°22' ~39°38' N,

IR 35S mm, AFHZE L HE A2 480 mm, &
AP Ab TRt SRS o A 5 2 B A 9 v TR
e B FEE . BURR R HTAE . A ()E
FHHIX ) o ZERED LIRAE . KR Tk,
KINERE, BBOER, Bk, R FH.H.
AN, P XY g iR KA, T
EREL, WFIE MR F LI, YA K
BCER T o R Y M R AR & R R A R IR, AE—
ERRE BRI TR k.
1.2 HmEESLE

MRS . HL R A4 b v R, KAy
339 b B A B0 2 K IR DX i X5 B
eitash 2, HulhEER L L Wt K
to BTl B REREEVRE R RIZ0 ~ 20 em, RIS
RFEVE, DA O A, AR, M. 78, ded
TR, B I RS T — SR L
FES Z B B 50 mAia AT, B REN LR E
2982 kg, TR IISLEGE, LBRERA K SAE Y 5%
AR, HRKT, KT R 208 5 o2
mmii, A Y R L2 R A A A A
o, TR SR i e AR
1.3 HSOH

SR ) R A3 R R v Tk AT
UL R U HGR - ERE AR S R AR St
FRAE, 4 4 24 B 43 & it 19 7 Y08 AR 21 5
Hes, wLLE G BRSO, TR
0.325 ~ 14.94 ¢ kg™ ' Z[H] . Fi FEAR 53 2 5000 25 k)
g1 CV<10% M55 515 10%<CV < 100% K
SRS CV=1009% N8 FE 0 NEKIATE
W AR 28728 5 R B AE60% LA b, Hak B SR AR
Sk, Hp@l 2R R BOKT100%, J& T35
PR, O TR AR E R A R, T AR L T
Bk
1.4 Sk

i3 + 4 % 26 F FieldSpec Pro FREGIEAY
( 2[E Analytical Spectral DevicesZyFl ) #175¢
M, KO 350 ~ 2 500 nm, SGi%srHE
FIE350 ~ 1 000 nm3 nm, 7E1 000 ~2 500 nmHy
10 nmo RFEMFE H1.4 nm (350 ~1 000 nm ) Fl
2 nm (1000 ~2 500 nm) . JEREME7E—Afeds
il C IR SRR S = N EAT . SRR TR S50 WK
AT, HEHERMT0 em, HHEREA S IR A
R AR B H H AR IR 205 10 em, 1.5 em

http: //pedologica. issas. ac. cn

S

(T

2016-7-1 9:49:39 ’7




W +Hiindd 911

| T T

——

4 AHE: TG LIRS = Bl 911

F1 FREEEITRERD D BNERFITHFE

Table 1 Descriptive statistics of soil salt contents in soils different in type

/M

ICNIE] TEIE AR

T e P FEAEL 5 A
Min Max Mean SD
Soil types Locations Numbers o » . . CV (%)
(gkeg) (gkg™) (gkeg™) (gke™)
HEJR 1 Anthropogenic- T EEL /] B R 3 135 0.325 6.463 1.306 1.092 80.03
alluvial soil Hetian/Awati/Baicheng
#h+Saline soil #i A Xinhe 47 0.761 11.80 2.151 1.945 90.43
'E‘EiFluVo—aquic soil ﬁ;i}ﬁBaicheng 30 0.913 14.94 2.705 3.065 113.3
JK# +-Paddy soil A R RS 127 0.988 10.55 3.628 4.930 61.20
Wensu/Hetian/Baicheng
£ritTotal / 339 0.325 14.94 2.485 2.184 87.87

ARG TR, R ERORE B3R &) . SR HI25°
WAk, HA T HIERmEH EJr15 em
b TR RIS HAR6.7 em Y BIE X 45k,
BC/NTREFRILTAR, DT AT DL IR Sk Wi iy 24
TR R . N Z F S EAT B AR IE A
THREREI0FOEIEINZ, FARV B R 2% LA
SEBR RS G R -
1.5 HIBHIEALE

B A AR A A O T il £ 2 BR MR R BOR Y
WL B350 ~ 399 nmA12 401 ~2 500 nm,
400 ~ 2 400 nm 4 S OGITE RO T TIe 2etik ot . 15
Y JUAE A e H T T ik 0 xR R
RO HCHE 22 X E 17 Savitzky-Golay F 3 Il — By Sl —
3. 20U AR IEMSC (multiplicative scatter
correction ) . FpAEIEARAZ AR SNV ( standard
normal variate ) . JH—4t (normalization ) .
trifEfL (standardization ) . ¥WEF O (mean
centering ) . JF IR VR . X ElogR . XHELHY
EIRC NogR . IR —Br T (1/R) ' BIEH — B
T (UR) " MBI —FrF (logR) ' LPERLR
IFLBC (linear baseline correction ) . #HfEIESGS
(savitzky—golay smoothing , 3 O ) L SRS
FEBECR (continuum removal ) ZEFANE 7,
b J5 HOCIE S AR NI SCR AR 1, A WFST ik
G EH—FLRN (range normalization ) 4 fi 4t
7. IR IR, SR o T vk
(PCA ) X FilAb B 5 0O 3 HEA T R4

Kennard-Stone ( K=S) 773k 4% 3 T i ap
T[] RR EC I BT, 7R AR 25 () v 24 2] e O 3 22
SRR BIREAS . IZITIE RS 2 AR DR IE AL IR AR Th R

A S SRS (Bl FE B X 5 0 A, (H T AT HE A shil
B, S BEPL PR A E I T B L, K-S
Tk Bk BAGERME R RE SR, B AT DLy /b A
AR, T L B i g AR R (0 A
itk

1.6 ERFERIFMIER

T 73 28 2 R H AT AR RO 1 R A R A £
FRAEM R HEr S — 28, WM r ik ds R &
KoMk . KA R R BB REE A A
( Kohonen ) #ZM%45 T3k 120, FE AT + 80k
TP, A0 U (B R AR 2 B H
H AR 22 58 28 70 M 07 12 44 0 B8 N B0E I 5 A
G L RS 5o IR E , B AR
FES N E B € B F 48 b8 o AWFFE 51 AR k-
KA RS — M AR B Tk, B
A AR SR B — A B AR A3 LA, SR H bR
BRI SR AR /M, A O B 40 H IR O SR AL
By Hr g As 20 T L B k- BASE 2 W
ek [29 ] .

AW S A B AR P BB 48 BFPL . Bl ik 2 280
MPE FIER 2 A7 P48 RS IX = AN 48 b ok i 2 Fe A1 1
R Y, FPUEAEO ~ 12210284k, 2% 14
Fromy, Fon RIS BB, 2R 4B
W R IMZEA R AR, = AR bR PR (R
L, FPIMUNRIR B2 b py S OGS Hodh b,
MPE# /N R R 73 i iR, S/ R 7R 73 kG i
o A FPUFIMPERYE 7R AN I By f /Ny, 30K
PRI R R 0 IR AR I S g X R[] 43
KB HIATRE DM, R =Rk T E
A 2REH
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R AL SR T A 0 56 UE xoF G A s e 0
FEHEAT PR, PR AR AR o AP R (RS
WAL ZE (RMSE.) . il @ &%
(R,)) . WU ARIR2 (RMSE,) . MIXt4r
Mri%z (RPD) MIRPIQ ( RPIQNIQ5RMSEHY
FofE, HrP Qo BEAS UL INAE 55 — VU 21 K Q3 5 4
— MU EQII 2 ) ARG FEdR. RS RPD ML
RPIQ#I K, RMSE /), 56 i s s sy 1
FFXFRPDI S, 241.5 <RPD < 2.0 FHAA 1 H
B X FE i B i SRS R TR A, 42,0
< RPD < 2.51F 3 WA Y 2 AT 8 4 19 1000 i
2.5 < RPD < 3.00F 455 8 E A 1R 4 i F0 00 i
URPD > 3.0 A5 5 2 A H 4 i B g 1y P22,
Bellon-Maurel &5 %31 35 t 1 e 90 Bt — AR A7 7E IR
RS, WTARIES MK, RPIQ
TR RPDPEM B R 00

5% 0 FH 2 A BRI A Y (B 2R 2 . I FlAb 3 |
F M . PLSREEAE RN G IE 25 43 ) 7E Fuzzy ME

5
=
2
=
=
[
*
=
e

A - Amthropoeenic=alivial sonl
I Salkne sl
1 Fluvi-gopaie safl

fi-E Paddy sail

"
i
= W
e *1"

T

K Wavelempth ()

| iR

BB Rellectanee

2 dip)

3.5. The Unscrambler X10.3%%/4F . SPSS 18.0Fl
Matlab 2013a%k 58 B, CRFEENVI 5.0 SEH

2 R 51he
2.1 ARIEBTIESHIEHFMESHE

JITAE Y - HERE A i B8+ AT R oy, SRS A
i R 2R RO O i 2.t B 1an] WA [F] 26
RO i R AEfE 22 5, PR 1 L W AR
Ff X =A R, HOsCm A . s
AR R FIERAE W AT 45 1 8 38 5 JEAS AL, MG 18 iy
ZRAE400 ~ 780 nm¥R s R BESR . AR T HAh 2%
OGTE M2 E e I B N A G B g %E, #ht
e 265 T 72400 ~ 510 nmIE B ILF- S5 +E 4
Gb, oG BB S S AR T A 2, R
FE1 650 ~ 2 200 nmP% B N Rl R4 &t A3
TR A TR, OR W TR S X
JEANTR A 4

= = L'koes A
— s

= e
= s 1

i
LR | 0T}
B3 Wavielength | nm)

Pl ORTE 2S5 e SO R (B th 28 (o) AN-RHOLIE 32805 1 SO R E T2 (b)) R

Fig. 1 Comparison between different types of soils in reflectance (‘a) and in mean reflectance curve (b ) after classification of soil spectra

KT HEROESEMOSMEEES,
BEECPE I LA K, 45U B =2 18] XA 22 A2k M )
B, B IR AL BRS B94S 339 R, TR T AR
R k=330 (8 3R 25 5 v kAT 1 8618 4 28 01 R B A
SR o TSR RS 4 B O IR AT RO R 4
R, B ERr1 (PCAL, 98.81%) . {42
(PCA2, 0.63% ) #MFE M3 (PCA3, 0.41%) ,
RHTTIRHE1K99.85% . , SRJF HUET =4 F B 2L
P R B 35 (B SR 28 4317 ) o A8l o BB R i
RRFCH300, WCSLEE 20.000 1, BORIINALTS 5L
A5 R TR RAE S KB, BT REA

5342 ~ 920 o TR — SR AR I BE SR £

U ST R R R LM S PR FR AL, S YR
U o P23 4 B A SR AS i IR S S G R AR R 43
2 ~ ORI EIFPT, MPERISIE . MIE HFAl & i,

MorJEHCH ARy, FPL, MPEFISH Y Ay iR /)N,
W AHIE S B A 40 280 H 4. B Th AR 438 44
ek 42k (I8~ Class A, Class B. Class CHl
Class D) By ER2s HREAIEYGIE i<k, WTLIE B4
FOGIE MLy SRR BE | i 2 A8 A0 Y R SRR AR
WA SR BESREACHARL, 2RI & B A E R AR,

BZ B, Class BE400 ~ 1 443 nmIZEL N
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BHA = ZOIB &A%, MAEL 444 ~ 2 400 nmif¥
BON X T2 hi . HrhClass BE734 HAE4H
B, ARk | A B RER (504 ) FIKERE £
(234%) I +23E734 . Class AH9ISAHFE4
AL, FERH MR (444 ) B E A KR
+ (484 ) P~ 2538924, 2 iz R T A +RE
197%. Class CHI83/ LR, FE HFFIRE K
AR (254 ) L (304y) AETE B A KA
+ (164 ) =AEKILT714, 45K R
86%. Class DHI 884~ HAELH AN, 8 Bl LB
R+ (604 ) MR H KA (274 ) W
A 3287, YA L HER99% ., MOLTE S
e R MBS AT LA B, b
X RO KA B EEEGIEN, HER R
B, AR PA ., i M Class BFIClass CiX
NRBIRE, A LRk A E A, s E T
FEIR B0 L RETE i SR b A e e, ik )
66% . X —45IEMIRAE T oS4 0 B XA LT
17 RO T 5 BRPE

K2 ARG AIFPL, MPEFIS{H
Fig. 2 Calculated FPI, MPE and S value corresponding to

various categories of soil spectra

2.2 FRIERTIEE S S KL

I 1.4 BT B D 4 O 3% Ei s AT 0 FELH — fk T
b3, S IR S R AR R S 13391 1 FE SR
W hadl, HAEHE2 0 15 HBR K-Sk
R o7 AR R TINAR , SR 5 T Ak RS ) R 4
BB AR i A i, R PLSR 5 ¥ 43 il e 57 1

R 4y o 6 O AR T 5 A 0 1 A 4 A
W2, WEBENRE, EBRERBRIKT
0.85, BT HIRZERMSE MK T0.62, Hdh
ST AL AR, RCFIRMSE, 4331 40.998 |
0.088; MRS, Hh+ A& FI B EA K F
K RE OIS BE RO F 3 4 =2 £33, RPIQX
F71.106, RPDWALT 1.5, 3&HIHEIR G X RE A i
FTTO0I . FHUINRS 50 1) 2 T O 4 T A o7 (A5 R
R,>. RMSE,. RPDFIRPIQZ}%HI40.715, 0.454 .
1.894F12.006, {HIZAR R HRE X} + 18£8 43 00 17 KL
A . X ) —Fh - AL ST % H R o ok
iz S URUIUE VI e o = o o = I N B P s o o 3
PERGE R ARSI, FESEAT 100 EREASE A (7 S50 000 K5
FEPEIF A REIRIE

2.3 ETFEML-HEBRLENTIEL S SHIETN

MATIRGE R AT 0L, K3 R G % A
ST A HEER 43 OGRS U ORI ANE . R,
AR 58 B T RO k- 34 (8 3R 2 45 R 4 Ak
B3 U2, HAMNE 53 FE TR TR R T RO AT
T — LT Ab 3, AR AR ¢ 1A IR K-S
Tk K oy AR AN TN A, SRS AL S Y R
A B BB VR i A, SRITPLSR T4y
ST A A IR A OIS UM ALY, R R
SRR A R HEA (JFEREE . JEEIE—1k
(RN) ) HUNZERIEFT T (W3 .

M 230, RS ek R A R )R i
BEFI 45 R, R, RPDFIRPIQZM540.664
1.733, 1.461, #E473E A — 1k 1Ak B 5 ) g5
MRS A B —E B, R, RPDAHIRPIQZH
$70.698 , 1.827 . 1.924, {H x4 5y # A 5 1k
RPDY/NTF2, FUIMR L AEXT 4 3843 i & B A
I BT AL A I PRI, AR AR 9 R 9 BB U
— AL S BB AT o S, th 3T
H, TS 2SR PLSR AR A TR i 45 3] i 2
B, BB BIAR, . RPDAIRPIQZ B &=
0.818. 2.356., 2.422, VU432 T @A Y RPDYY
KTF2.0, HrClass AFIClass CIX ¥ 28 T H s 1 ()
RPDHy R F2.5, 2 B3 W4 450 7Y HL A5 AR 4 114 )
AB 71 P, X AR A ROREE R H R AR (1 3R
A, MR DS, SRJG R AH R 2 AL
TETMASE R, SRR RE AT DA AR E AR, AT L
B v T B
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Table 2 Soil salt contents in soils different in type predicted with PLSR
@A 4E Calibration i £E Prediction
T
. AR s FEA%L s RPD RPIQ
Soil types R’ RMSE, R, RMSE,
Number Number
HEYA + Anthropogenic-alluvial 90 0.899 0.344 45 0.715 0.454 1.894 2.006
soil
4+ Saline soil 32 0.998 0.088 15 0.491 0.807 1.451 1.106
1 1 Fluvo-aquic soil 19 0.982 0.492 11 0.627 0.797 1.717 1.908
JKFG 1 Paddy soil 85 0.873 0.628 42 0.700 0.943 1.825 2.567
A1t Total 226 0.688 1.002 113 0.713 1.295 1.873 1.925

TE: ROAHMIIE REG R HIM YT KA RMSE N #EBTE AR 222 ; RMSE, g T34 7 R 1% 2 5 RPD Ry AH X 43 47 35
% RPIQNIQS5RMSE A HAE, HhT1Q NREAS UL S = P/ 8 Q3 545 — DU/ (i $Q1/9 2% . FlANote: R, stands for modeling
determination coefficient; and R’ for prediction determination coefficient; RMSE, for root mean square error of the modeling; RMSE,
(1Q (=Q3-Q1) ;

for root mean square error of the prediction; RPD for relative percent deviation; RPIQ for ratio of 1Q and RMSEP,

Q1 for the first quartile; and Q3 for the third quartile. The same below

T3 RELEEBESHLEEMTIER S S EFTUNEE X
Table 3 Comparison of the global spectral model with the category—based spectral models in prediction accuracy using of soil salinity
hyperspectra
WA Calibration T 4 Prediction
5
Classification RAH RS> RMSE, A R’ RMSE, fen P
Number Number
FIROGIE-THA 128 226 0.708 0.989 113 0.664 1.219 1.733 1.461
Original-Mixed
RN-IRA 12 226 0.716 0.977 113 0.698 1.014 1.827 1.924
RN-Mixed
Class A 65 0.885 0.578 30 0.867 0.905 2.785 2.808
Class B 49 0.957 0.607 24 0.823 1.320 2.445 3.669
Class C 55 0.995 0.103 28 0.874 0.575 2.869 3.448
Class D 59 0.954 0.251 29 0.799 0.597 2.265 2.485
A Total 228 0.802 0.921 111 0.818 1.132 2.356 2.422
3 4 B SR e G P NGIED I NGRS &Ly

25, AT 2 B H o [ ) 5 3 5 S5 4 [0 3 1 o

(T

A 5 8 6 ok [ R s X TR T B FEIR
B PR M E . RH B4R 1263390 +
FERY 2 P = 65 S B 1 A BT R B, R[4
By RO Y E M S A 2= ek, EREIR L
RO 0 B Ll R AR Ak ) AR RREAE
WA B i B A SR ACHR L, DA E AT A AR 2 AL Pk ]
ML, B AL, EARER . EhREA AR 4
TS M e . MOGIG P REE AR E, F—

ke FTLh, SR KR ul I 1+ 5638 2 2k 1k
RS, AR IR R AR 2 A 22 5% .
L, 43 el HoaT RUE Ry 38 5 2 il — 4[]
PeARhr . WFIE 3 BB k-8 R 28 7 B 280 4
Fie BRSO G TS RRAE 73 R DU RIS 28 AL, 455 PLSR
J5 AT A AR T L S AR v A R G R
RS ENE, B3 TSR R F s 4l 1 e 3 53
KA, [RIILy A- 85 3 55 AL R o 1) D' 3
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Prediction on Soil Salt Content Based on Spectral Classification

DAI Xijun" > PENG Jie’" ZHANG Yanli’ LUO Huaping" > XIANG Hongying’
(1 College of Mechanical and Electrical Engineering, Tarim University, Alar, Xinjiang 843300, China )

(2 Key Laboratory of Modern Agricultural Engineering, Tarim University, Alar, Xinjiang 843300, China )

(3 College of Plant Science, Tarim University, Alar, Xinjiang 843300, China )

Abstract [ Objective] Soil salinization is an issue related to the strategy of sustainable development
and improvement of environment quality in arid regions. Soil salinization and irrigation-triggered soil secondary
salinization are problems that severely restrict further development of the agriculture in Xinjiang and also the
major factors that affect stability of the oasis ecological environment. Therefore, it is of profound significance
to sustainable development of the agriculture in Xinjiang and in China as well to manage and ameliorate
salinized arable lands and readjust and optimize planting structure in the region, moreover, the information of
soil salinization is the fundamental basis for formulation and implementation of these policies. How to acquire
the dynamic information of large areas of salinized soil quickly, accurately and inexpensively and thereby
formulate rational policies and strategies for management and amelioration of salinized soils are new themes
of the study of agricultural science. [Method] Hyperspectral remote sensing is a relatively ideal means of
monitoring soil. A series of tests and experiments of monitoring soil salinization with near-ground hyperspectra
were performed, thus providing a theoretical basis and technical support for application of the technique
of hyperspectral remote sensing to monitoring soil salinization. Based on similar soil components generating
similar spectral characteristics, soil spectra is to be classified and at the same time effective information to
be fully mined by making use of the data and curve characteristics of soil spectral reflectance, which is one
of the importance fields for application of spectral analysis. To that end a total of three hundred and thirty-
nine topsoil samples (0 ~20cm ) were collected in Wensu, Baicheng, Awati, Xinhe and Hetian counties of
Xinjiang, covering anthropogenic-alluvial soil, saline soil, fluvo-aquic soil, paddy soil. The soil samples
were then air dried and ground to pass a 2 nm sieve for determination of salt content with the residue drying
method. Hyperspectral reflectivities of the samples were measured separately using the American FieldSpec
Pro FR spectrograph ( American Analytical Spectral Devices Company ) , and spectral curves obtained of the
samples were pre-treated by erasing the edge bands, i.e. 350 ~399 and 2 401 ~ 2 500 nm on the two ends of a
curve and keeping the reflection spectral data of the band 400 ~ 2 400 nm for successive research. Clustering
of fuzzy k-means is a commonly used unsupervised clustering method, of which the basic idea is to sort a data
set into k categories so as to minimize the iteration of target functions and the advantage is the capability of
yielding an analysis index for setting an optimal number of categories. [Result] By the means of clustering
fuzzy k-means, 3 indices, i.e. fuzziness performance index ( FPI) , modified partition entropy ( MPE ) and
clustering independence index (S) C(all being the lower the best ) were obtained, and the spectral data of
the soil samples were sorted into four categories ( before sorting, the original spectral range was normalized
as pretreatment ) . Hyperspectral characteristics of the soils different in soil type before and after the sorting
were compared and analyzed, and then the soil samples of each category were divided into modeling dataset
and prediction dataset at a ratio of 2 : 1 using the Kennard-Stone algorithm. The preprocessed spectral data

of the modeling dataset were used as input, and then a global and category-based salinity prediction models

http: //pedologica. issas. ac. ¢n

W +Hindd 917 j‘: 2016-7-1 9:49:42 (




W +Hiindd 918

| T T —— (. [ |

918 + 1 2 Eird 53 &

were built up with the PLSR method. The prediction dataset was used to validate the models and evaluate the
models in terms of accuracy and stability. Results demonstrate that after the spectral data were classified with
the fuzzy k-means clustering method, the Kennard-Stone algorithm was used to further classify the data for
modeling, which was significantly higher than the global and category-based models in precision. The overall
prediction model determination coefficient (sz) , rool mean squares error (RMSE, ) , relative percent
deviation ( RPD ) and ratio of performance to IQ ( RPIQ ) of the prediction model was increased from 0.664,
1.219, 1.733 and 1.461 to 0.818, 1.132, 2.356 and 2.422, respectively, among which RPD was increased
by up to 23.13% and the PRDs of the all the four category-based models were higher than 2.0. [Conclusion]
The findings demonstrate that it is feasible to predict soil salt contents quantitatively and quite accurately,
and that the study has opened up a new way of thought a new method for using large sample spectral data to
establish soil attribute prediction models including that for sail salt content, over a large scale area.

Key words Soil; Hyperspectra; Salt; Fuzzy k-means clustering; Salinization; Kennard-Stone method
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